In the two Higgs doublet model, natural flavour conservation can be achieved through the use of a discrete Z 2 symmetry. A less restrictive condition is the requirement of alignment in the Yukawa sector. So far, alignment has been an anzatz, not rooted in a specific model. In this letter we present a model for alignment, which starts with 2 + N Higgs doublets, with natural flavour conservation imposed by a discrete symmetry. Only two of these scalars couple to the fermions, the other N scalars are in a hidden sector. Assuming that the two scalar doublets coupled to fermions are heavy, their decoupling leads to an effective Yukawa interaction. The latter connects the fermions and the scalars of the hidden sector, and exhibits the same Yukawa coupling matrix for each of the N scalars.
Introduction
The Standard Model (SM) of particle physics is very successful phenomenologically. However, there is a general consensus that it should be an effective theory because it does not explain basic issues such as neutrino masses, number of families and others. The SM imposes the existence of a scalar particle in nature, the Higgs, responsible for the breaking of the gauge group SU (2) × U (1) and for the masses of the gauge and fermion fields. Even though one scalar doublet is the minimal setup, the addition of extra Higgs fields is appealing from the theoretical and phenomenological point of view.
One minimal extension is the Two Higgs Doublet Model (2HDM), which adds new neutral and charged scalar particles, allowing spontaneous CP violation, dark matter candidates, and many other interesting features. However, phenomena such as flavour changing neutral currents (FCNC), which are very suppressed in nature and appear only at loop level for both gauge and Higgs sector in the SM, have no natural suppression in these models without additional constraints. A simple way to obtain natural relations is through the use of symmetries in the Lagrangian; when they preclude FCNC it is said that the model has natural flavor conservation (NFC). Glashow and Weinberg [1] , and Paschos [2] , pointed out that sequential extensions of the SM have a GIM-like mechanism [3] suppressing all direct neutral currents effects. According to these works, the criterion for NFC can be reduced to the statement that all the Yukawa matrices, Y 
where q stands for the quarks and h for the different Higgs fields, U q L,R are unitary matrices. This NFC condition could be easily implemented in a 2HDM through the use of a Z 2 symmetry, which imposes that only one scalar doublet couples to each of the two (up or down) quark types. Later, Gatto et al. [4] have shown that the use of discrete symmetries that allow the simultaneous diagonalization of the Yukawa coupling matrices, in a general case where the Higgs couples to both up-and down-type quarks, gives trivial mixing schemes or very large mixing angles. However, none of these solutions is the desired one, if one expects the mixing angles to be generated at tree level with only small radiative corrections coming from loops.
Recently, Pich and Tuzón [5] have proposed an anzatz where the two Yukawa matrices are proportional. This alignment leads to NFC and would allow, in principle, for the correct mixing scheme. Nevertheless, this anzatz is not stable under the renormalization group equations (RGE) [6] . Thus, if we insist on implementing this anzatz, we need to extend the particle content. For example, in the minimal supersymmetric extension of the SM (MSSM) the scalar sector has two Higgs doublets. However, if one only knew the scalar sector, and had no information about the supersymmetric particles, we would get a theory that is not invariant under the RGEs [7] . Therefore, it is natural to think that, if the alignment condition is true, additional particles must be present so that the alignment obtained in this way is stable under the RGEs.
In this letter we adopt an effective field theory approach to the problem of the Yukawa alignment in a multi Higgs doublet model (MHDM). We start by writing an UV complete model with 2 + N Higgs doublets and then decouple two of them, the heavy ones. The resulting total Lagrangian can be viewed as an expansion in 1/Λ:
with Λ the scale of the heavy modes. The Lagrangian L 0 contains the renormalizable terms, while the other terms have contributions from operators O with higher dimensions. For dimension five operators, there is only one possibility. However, for dimension six, the number increases drastically. Nevertheless, since we specify the UV model, the number of dimension six operators appearing in the effective Lagrangian will be considerably reduced. This letter is organized as follows. In Section 2 we present a renormalizable model based on a discrete symmetry and with 2 + N Higgs doublets plus two real scalar singlets. The way this symmetry is implemented is very similar to what is done in the usual 2HDM with the Z 2 symmetry. Therefore, we follow the standard distinction in model types. We next show how the decoupling of the heavy states affects the low energy theory, and we analyze the possible way to break the discrete symmetry group. In Section 3 we describe the effective MHDM for the different model types. We show that only Type-II and Y models allow for the alignment of the Yukawa matrices and study some phenomenological constraints on the scale of the heavy states. At the end of this section, the particular case of 2HDM is studied in more detail. Conclusions are presented in Section 4.
From a renormalizable to an effective model
Our goal is to obtain at low energies an effective MHDM with the Yukawa coupling matrices aligned. For that, we will start from a model with 2 + N Higgs doublets. Two of these scalar doublets will couple to the fermions, as in the usual 2HDM with a Z 2 symmetry, in order to forbid tree-level FCNC. The additional N doublets have no coupling to the fermion fields and reside in a hidden sector where only interactions with the gauge and scalar fields are allowed. In order to have this hidden sector an additional Z 2 is needed. We shall also add to the particle content two additional real scalar singlets which will allow the connection between the heavy states and the N scalar fields. We then construct the renormalizable model within this framework, and study the process of decoupling of two heavy states. Finally, we shall analyze the vacuum alignment of the real scalar singlet fields.
Constructing the model
The two scalar doublets that are coupled to the fermion sector will be denoted by Φ i , i = 1, 2; the additional N scalar doublets by φ a , with a = 1, ..., N , and the two real scalar singlets by η 1 and η 2 (cf. Table 1 ). The particle content for the fermion and gauge sector is exactly the same as in the SM. All fermion fields are three dimensional vectors in the flavour space. The left-handed fields are invariant under the group Z 2 × Z 2 ; the transformations of the right-handed ones are summarized in Table 2 . This model is very similar to the 2HDM in the Yukawa sector. This is one of the key aspects which will allow the alignment. It is now important to write the new relevant Lagrangian interactions. The relevant terms will be the scalar kinetic sector, the Yukawa interactions and the scalar potential. We start with the kinetic Lagrangian for the scalar sector. It is given by
where D µ is the usual SM covariant derivative. The sum over repeated indexes is always implicit in this letter. The scalar potential is blind to the type of model. We get
with i, j, k, l = 1, 2 and a, b, c, d = 1, ..., N . The Yukawa Lagrangian will be different for each model type. The general form is
,ℓ are n g × n g general complex matrices in the flavour space, with n g the number of generations. The way Φ 1 and Φ 2 couple to the fermions in Eq. (5) is
As already noted this UV complete model only allows two of the 2 + N scalar doublets (Φ 1 and Φ 2 ) to interact with fermions. However, non-local interactions present at the UV scale can become effectively local at some IR level. We next explore this mechanism in more detail. Nevertheless, we already know that the effective model will not have tree-level FCNC since these are absent from the full model.
Integrating out Φ 1 and Φ 2
The effects of heavy particles at low energy are well described by the decoupling process. The mass of the heavy particle becomes the cutoff of the theory and its low-energy effects are present in effective higher dimensional operators or corrections to renormalizable interactions.
In this section we assume Φ 1 and Φ 2 , the fields that couple to the fermion sector, to be heavy so that they decouple from the theory. Their classical equations of motion can be obtained from Eqs. (3)- (5). For Φ i one gets
where the Yukawa terms X i depend on the model type:
Type-I:
The classical equations of motion can be solved iteratively in a perturbative way by expanding the solution in powers of 1/M i . In leading order we get the classical solutions Φ
where the parameters µ i,a have dimension of mass. A convenient way to parametrize them is
with the parameters λ a and λ ′ a dimensionless. We now use these solutions to integrate out the heavy fields Φ i from the model, in leading order (tree level). We see that the interaction terms between the fermions and the scalars are canceled by the mass term in the effective potential. Therefore, the Yukawa interactions in this effective model are given by the linear terms Φ † i φ a η i in the full potential. The effective potential at leading order can now be written as
while the effective fermion-scalar interaction Lagrangian becomes
Due to the decoupling, new four fermion interactions appear,
All effective terms are Z 2 × Z 2 preserving. Furthermore, when the fields η i acquire a non-vanishing vacuum expectation value (vev), the Lagrangian terms in Eq. (12) are analogous to Yukawa-type interactions.
The breaking of
The η i fields are singlets under the SM gauge group. Therefore, the requirement of a non-vanishing vev will only lead to the breaking of the Z 2 ×Z 2 , leaving the gauge sector invariant. In this section, we study the possibility that the η i fields acquire a vev before the N scalar doublets break the gauge symmetry. At this stage η i = u i , φ a = 0, and the relevant terms of the effective potential are the self-interacting terms of η i , The minimization equations ∂V /∂η i = 0 lead at the vacuum point
In order to solve them one can parametrize u 1 and u 2 as u 1 = u sin α and u 2 = u cos α .
The solution is then given by
.
In order to ensure that the solution of the previous system is a minimum of the potential we need to evaluate the second derivatives. We obtain the following mass matrix:
As a simple exercise, one can look for a region of parameters where the non-trivial solution is favored. For example, in the region of parameters with λ ′η << 1, the two scalars decouple from each other and we get a non-trivial solution
with m 
From this simple analysis it becomes clear that in certain parameter regions, the potential V (η) is minimized by nonvanishing vevs.
The effective Multi Higgs Doublet Model

Effective MHDM Lagrangian
When η i breaks the discrete symmetry by acquiring a vev, the scalar potential for the N Higgs doublets become
with
The most important changes, which are due to the decoupling of Φ i and the breaking of discrete symmetry Z 2 × Z 2 , are present in the new effective Yukawa Lagrangian
Depending on the implementation of the Z 2 ×Z 2 symmetry in the UV model the interaction in the fermionic-scalar sector at low energy will have different consequences. According to Eq. (23), one could naively expect a natural alignment of the Yukawa matrices in all the different implementation types. Note, however, that due to the freedom we have to redefine the N scalar doublets by a unitary transformation, this is not completely true. The integration of the heavy fields splits the five types of models into three different sets:
• Inert quark sector : The Type-I and Type-X can be put into a basis where only the combination φ ′ ∝ a λ a φ a or φ ′ ∝ a λ ′ a φ a couples in the quark sector. All the scalar fields couple to the leptons.
• Inert lepton sector : The Type-II and Type-Y can be put in a basis where the leptons couple to only one scalar combination, but one of the quark sectors, up or down, couple in an aligned way to the N Higgs fields.
• Inert : The Inert model can always be put in a basis where all the fermions couple to only one scalar combination. Therefore, the UV Inert model stays Inert after the decoupling. Table 3 : Parameters c's for each of the types of models.
After the spontaneous breaking of the electroweak symmetry, i.e. φ a = (0, v a e iθa / √ 2), one gets the following mass matrices
with f = {u, d, ℓ}, and i = 1 or 2 if the parameter c f has the constant coupling λ or λ ′ , respectively. The parameters c f depend on the type of model implemented. Their explicit forms are presented in Table 3 . In general, the mass matrices are bi-diagonalizable as
with D f a real diagonal matrix containing the masses of the fermion fields. This bi-diagonalization can be achieved through the field transformations
When we perform these transformations in the effective model, all the neutral scalar components of φ a have the couplings to the fermions diagonal. As an example, the particular case of two Higgs doublets will be given at the end of this section.
Finally, a few words should be addressed to the scale at which the discrete symmetry is broken. We notice that the mass matrix in Eq. (24) is the leading source contributing to the fermion masses in this model. Therefore, in order to guarantee the perturbative regime for the Yukawa couplings one needs
with v = a v 2 a 1/2 = 246 GeV. This requirement can be easily satisfied when O (u i ) O (M i ) and the dimensionless parameters λ and λ ′ are of order one. Due to the freedom in the model, the previous requirements have no implications in the way the heavy scalars in Eq. (9) have been integrated out. Lower bounds for the heavy scalar fields can be obtained from the four fermion interactions.
Bounds for the heavy scale
The four fermion interactions in Eq. (13) have a very fundamental difference from the usual dimension six operators [8] . In this model, they are proportional to the Yukawa matrices [see Eq. (8)]. Going to the mass basis through the field transformations in Eq. (26), the interactions become proportional to y α y β , where y α are the Yukawa couplings of the fermions, approximately given by
These interaction terms are of the form
with Φ L a left-handed doublet of SU (2) and Φ R a righthanded singlet. Using a Fierz rearrangement, we are able to transform this term in
The possible four fermion interactions, for each Type of model, are presented in Table 4 . From decay processes of mesons and leptons, several bounds can be found [9] . However, the particular dependence of these terms on the Yukawa couplings leads to a much less restrictive lower bound. For example, in the case of Type-II, the quantity
is one of the most restrictive. Following Ref. [9] we get from this observable the constraint C eedu qde
with ǫ eedu qde = 1.5 × 10 −7 and G F = 1.16637 × 10
the Fermi constant. The lower bound that we get is
which is not restrictive at all. 
A particular case: Effective 2HDM
We now turn our attention to the particular case of Type-II 2HDM. In this case, the scalar potential is given by Eq. (21) and the Yukawa Lagrangian, in Eq. (23), can be written as
where we have defined
The type-Y 2HDM can be similarly obtained through the change
It is convenient to change basis in the scalar sector and go to the so-called Higgs basis. We perform that through the orthogonal rotation
with the new fields parametrized as
(35) In this new basis only the first field has a vev given by v = v 2 1 + v 2 2 . The scalar components G + and G 0 are the Goldstone bosons and α = θ 2 − θ 1 . The Yukawa Lagrangian can now be written in terms of the new compo-nents. We get
with the mass matrices given by
and the new flavour-changing matrices
In general, while the mass matrices are bidiagonalizable through Eq. (25), the matrices N f are not. This fact usually leads to undesired FCNC. However, the way this model is implemented leads, through Eq. (33), to the relations
Through Eq. (39), we can relate the mass and the flavourchanging matrices
with the proportionality factors given by
Only two of the usual three complex parameters ς f are free in this model. Their phases provide new sources of CP violation without tree-level FCNCs. Applying the field transformations in Eq. (26) we can go to the physical basis. The only flavour-changing structure is the CKM matrix present in the charged sector. The relevant Lagrangian is of the form
This model represents an example of the aligned 2HDM introduced by Pich and Tuzón [5] and Jung, Pich and Tuzón [10] , where in the last reference a more detailed study of the phenomenological implications was done. Due to the particular form of the complex parameters ς f in Eq. (42), this model allows the new CP violating phases to be spontaneously generated when the electroweak symmetry is broken by φ 1 and φ 2 .
The possibility of having simultaneously alignment and spontaneous CP violation is one of the most interesting features of this type of approach. In general, whenever one imposes on the 2HDM Lagrangian a discrete symmetry together with the CP symmetry, the product of these two symmetries will also be another CP symmetry [11] . Therefore, in order for spontaneous CP violation to occur, the vacuum has to break both symmetries. Within 2HDM this is not possible because of the very restrictive form of the scalar potential. The approach taken here avoids this problem. The scalars that couple to the fermions at the UV level are not the ones that couple to them at low scales. This leaves the scalar sector of φ 1 and φ 2 the most general one, even though a discrete symmetry is imposed to get NFC. At the renormalizable level, imposing CP invariance under the trivial CP transformation corresponds to setting all coupling constants real. However, due to the richness of the scalar potential of Eq. (21), a non-trivial phase α can be in general obtained and CP be spontaneously broken.
Conclusions
In the context of a multi Higgs scenario, we have presented in this letter a simple model where all the effective Yukawa coupling matrices are aligned. The alignment is a consequence of natural flavour conservation at the UV scale, imposed by a discrete symmetry, and the decoupling of heavy states. Since only two heavy Higgs doublets couple to fermions, the way to implement the discrete symmetry is similar to what is done in the standard two Higgs doublet models. We have found that models starting from Type-I, Y and Inert implementations do not lead to an alignment. On the other hand, Type-II and X implementations do lead to an effective model with a Yukawa alignment.
The particular case of the two Higgs doublet model in a Type-II framework was presented. As expected, flavour changing neutral currents are absent due to the relation N f = ς f M f between the mass and flavour-coupling matrices. In this model the complex parameters ς f are not all independent, as in the anzatz of Ref. [5] . For the Type-II (Type-X) implementation we have ς d = ς ℓ (ς * u = ς ℓ ). This effective two Higgs doublet model allows for spontaneous CP violation and natural flavour conservation.
In this letter we have presented a possible mechanism for Yukawa coupling alignment in a multi Higgs doublet scenario. This was done through the explicit construction of an effective aligned multi Higgs doublet model, taking into account only leading order effects. For a more rigorous study, we would have to go further in the expansion of the heavy fields and consider loop corrections. We note, however, that although new interactions will arise, the new contributions will not spoil the Yukawa coupling alignment. The possibility of having alignment to all orders is the most interesting feature of this model.
